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Abstract
Aim: The aim of this study was to evaluate the long-term results of vacuum-assisted stereotactic biopsy (VASB) for microcalcifications with isolated Breast 
Imaging Reporting and Data System (BI-RADS 4).
Material and Methods: Three hundred sixty-seven patients who underwent VASB due to microcalcifications between June 2011 and October 2017 were 
screened. VASB was performed in all patients using stereotaxy in the lateral decubitus position. VASB, surgical pathology results and long-term follow-up find-
ings were evaluated. Statistical analysis was evaluated with mean values and underestimation rates.
Results: Among 76 patients and 78 microcalcifications, 20 were defined as ductal carcinoma in-situ (DCIS), two were defined as atypical lobular hyperplasia 
(ALH), one as atypical ductal hyperplasia (ADH) and 56 as benign. The two cases reported as ALH in VASB refused the operation and were followed up, and 
no progression was detected in their follow-up. The DCIS underestimation rate was 20% (4/20). The mean follow-up time was 55.46 months, and the mean 
follow-up time in benign lesions was 53.4 months.  No conversion to malignancy was detected in any of the patients whose VASB results were found benign 
(false negative rate 0%).
Discussion: In our study, no conversion to malignancy was detected in the long-term follow-up results of patients with isolated BI-RADS 4 microcalcification 
and having benign VASB results (false negative rate 0%). This method eliminated the necessity of surgical excision in 71.7% (56/78) of the cases with isolated 
BI-RADS 4 microcalcification in our study. VASB may be the standard method for BI-RADS 4 microcalcifications.  
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Introduction
The detection of non-palpable breast lesions has increased 
with the increase in the number of mammography screening. 
Microcalcifications are detected in approximately one-
third of screening mammograms [1]. It has been reported 
that approximately 55% of non-palpable breast cancers are 
associated with calcifications; 55% of the suspicious lesions 
detected in mammography are isolated microcalcifications [2]. 
Approximately 80% of ductal carcinoma in situ (DCIS) can only 
be detected as microcalcification on mammography [3]. 
Suspected microcalcifications can be surgically removed after 
wire marking. However, in some studies, it was found that 76-
81% of patients who underwent surgical excision had benign 
pathology [4]. Noninvasive methods such as core biopsy have 
been increasingly preferred recently due to low cost and 
morbidity [5]. 
Vacuum-Assisted Breast Biopsy (VABB) is superior to breast 
core biopsy due to its advantages, such as the capacity to 
obtain larger volumes of the specimen, obtaining a greater 
number of microcalcifications, decreased low cancer prediction 
rates and reduced sampling error [6]. The needle size in VABB 
systems ranges from 7 gauge to 14 gauge [7].
Vacuum-assisted stereotactic biopsy (VASB) is increasingly 
used for the diagnosis of suspected microcalcifications. When 
performed by experienced radiologists, the false negative rate 
of the VASB procedure can be as low as 0.6% [8]. Suspected 
isolated microcalcifications can be sampled by stereotaxy. 
Breast Imaging Reporting and Data System (BI-RADS) 5 
microcalcifications should undergo surgical excision in all cases 
with accompanying mass, and structural distortion. Surgical 
intervention can be avoided in most patients with the routine 
use of VASB before considering more invasive methods for BI-
RADS 4 microcalcifications [9]. The purpose of this study is to 
evaluate the long-term results of VASB for isolated BI-RADS 4 
microcalcifications that were previously observed in the middle 
term.

Material and Methods
Before each VASB, potential risks and benefits were explained 
in detail, and informed written consent was obtained from 
each patient. Ethics committee approval dated 29.07.2020 
numbered 2020/900/64 was obtained.
Patient selection
Patients who underwent VASB between June 2011 and 
October 2017 were retrospectively screened using the picture 
archiving and communication system (PACS).  A total of 373 
microcalcifications were detected in 367 patients.  Twenty-nine 
patients were excluded from the study because they had BI-
RADS 5 microcalcifications, 19 patients were excluded because 
of the accompanying mass, and 44 patients were excluded 
because of additional findings such as asymmetric density 
and parenchymal distortion. One hundred ninety-nine patients 
without long-term follow-up were excluded from the study. A 
total of 76 patients and 78 microcalcifications were included 
in the study (Figure 1). Two patients had bilateral breast 
calcifications. 
Each patient included in the study had an initial breast USG 
evaluation that did not show any abnormalities. Long-term 

follow-up was considered as over 30 months. Patients with 
regular follow-up for 30 months or more (30-102 months) were 
included in the study. 
Evaluation of the images
Microcalcifications in the initial mammography were classified 
by two radiologists unanimously, both with more than 10 years 
of experience (over 1500 mammograms per year). Classification 
of microcalcifications was made according to the currently 
available American College of Radiology (ACR) “Breast Imaging 
Reporting and Data System (BI-RADS) 5th edition” criteria. 
The most recent BI-RADS lexicon has removed the BI-RADS 
3 microcalcification group from the classification due to its 
wide range of malignancy rates [9, 10]. Lesions were classified 
as suspicious BI-RADS 4 (A, B, C) or BI-RADS 5 having a high 
risk of malignancy. For those who had previous mammography 
films, the decision was made based on interval evaluation. 
Patients with BI-RADS 5 microcalcifications were suggested 
to perform surgical biopsy or VASB, stating that the benign 
pathology result would not eliminate the need for surgical 
excision. However, VASB was performed for all patients with 
BI-RADS 4 microcalcifications.
Biopsy procedure
All VASB procedures were routinely performed on a lateral 
decubitus platform with a full- field digital mammography 
system (Amulet, Fujifilm, Tokyo, Japan) using a 10-gauge 
VACORA ™ Breast Biopsy System (Bard Biopsy Systems, 
Tempe, Arizona, USA). All patients were placed in the lateral 
decubitus position. Patients were positioned so that a 5 x 5 cm 
biopsy window was suitable for the localization of the lesion, 
following the application of compression with ML projection. 
The target lesion was determined by scout image and two 15 
° stereotactic views. Local anesthesia was applied using 5 mL 
of 2% lidocaine just before the 10- gauge needle was placed 
in the center of the lesion. A second stereotactic image was 
taken to confirm the position of the needle. The same steps 
were repeated when more than one lesion was targeted. Eight 
biopsy specimens were routinely obtained and the procedure 
was completed when microcalcifications were detected in these 
specimens. In all patients, the target breast tissue was checked 
through the biopsy window before releasing compression; If the 
microcalcifications did not decrease, the procedure continued to 
take additional samples. If microcalcifications are still observed 
after eight biopsies, additional four specimens were taken and 
the procedure was terminated with a total of 12 specimens. As 
a result, it was ensured that all patients had microcalcifications 
in their biopsy specimens. Prior to completion of the procedure, 
a radiopaque marking clip was left in the biopsy cavity, and if all 
calcifications were removed, a final check was performed with 
a mammogram to verify the clip localization (Figure 2). Tissue 
samples were then placed in formol and sent to the pathology 
laboratory. Biopsy specimens were imaged with 25 kV and 10 
mA expression factors using the same digital mammography 
at the end of the procedure. None of the patients required a 
repeat biopsy.
Follow-up
The surgical operation was suggested for all patients whose 
VASB pathology result was atypical and was considered as 
premalignant. Follow-up was recommended for those with 
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benign pathology results. Long-term follow-up was accepted 
as 30 months or more. Follow-up mammograms, breast 
ultrasonography and breast MRI findings of the patients, if 
any, were evaluated. Based on follow-up data, histological 
underestimation or false negative result rate was evaluated. 
Statistical analysis
False negativity was accepted as the final pathological decision 
of the lesion with benign pathology by the VASB procedure as 
malignant/premalignant. 
The false-negativity rate was calculated by dividing the number 
of false-negative lesions by the total number of VASBs.
Histological underestimation was defined as the emergence of 
invasive carcinoma after surgical excision in cases with DCIS as 
a result of the biopsy and DCIS or invasive carcinoma in cases 
with atypia. 
Underestimation rate was calculated by dividing the number of 
underestimated lesions by the total number of lesions with ADH 
or DCIS determined after VASB. 
The data were recorded in a spreadsheet on the computer, and 
then simple descriptive statistics were made using appropriate 
software (Excel; Microsoft, Redmond, Washington, USA) for 
analysis.

Results
Seventy-eight microcalcifications were evaluated in a total 
of 76 patients (median age 52.7, range 40-83). The BI-RADS 
Category and pathology results of microcalcifications are 
shown in Table 1.
Among 78 microcalcifications in VASB, 20 were defined as DCIS, 
two of them were ALH, one of them was ADH, and 56 of them 
were benign. Operation was suggested for two ALH patients. 
The patients did not want the operation and wanted to be 
followed. No significant interval change was found during the 
follow-up. One patient diagnosed with ADH was operated on. In 
this patient, no malignancy was detected in the postoperative 
pathology (underestimation rate 0%). All cases with the result of 
DCIS were operated. In the postoperative pathology, an invasive 
component was observed in 4 patients, one case evaluated as 
DCIS in VASB was reported as LCIS postoperatively. No residual 
tumor was observed in any patient after the operation. There 
was no recurrence in their follow-up. 
All patients with benign VASB results were followed, none 
of them converted to malignancy during the follow-up (false 
negative rate 0%). 
Benign cases were in the BI-RADS Category 4A or 4B group. 
The DCIS underestimation rate was 20% (4/20). The 
underestimation rate for BI-RADS 4C lesions was 15% (3/20).
The follow-up period was at least 31 months (31-102 months). 
The average follow-up time was 55.46 months. Six-month 

follow-up data were available for all benign lesions. There were 
no additional cases of malignancy after a mean follow-up of 
53.4 months for benign lesions. According to the follow-up 
results, the false negativity rate was 0%.

Discussion
Recently, with the increasing use of mammography screening, 
the detection of non-palpable breast lesions and biopsy 
requirements have increased. Microcalcifications may be the 
only finding in early-stage non-palpable breast cancer [11]. 
Needle-localized surgical biopsy (MLSB), an excisional biopsy 
from the suspected lesion, is considered the gold standard. 
However, due to the scarring, high cost and morbidity of this 
method, non-invasive methods are increasingly used. Lesions 
detected on mammography alone require stereotactic guidance, 
and vacuum-assisted breast biopsy (VABB) is currently the 
preferred biopsy method for stereotactic biopsies [12]. VABB 
is a fast and effective biopsy technique that can be tolerated 
by patients, without major complications. VABB has sufficient 
sensitivity and specificity for diagnosis. VABB often allows 
complete removal of the mammographic lesion [12]. 
With the routine use of VASB for BI-RADS 4 microcalcifications, 
unnecessary surgical excision can be avoided in many patients. 
In our study, according to the long-term results, the false 
negativity rate was 0%, as in our study, where we evaluated the 
mid-term results. Additionally, an average underestimate rate 
for DCIS was acceptable. While no malignancy was detected in 
one of our ADH patients after the operation, two ALH patients 
did not accept the operation and wanted to be followed up with 
routine mammosonography and MRI. The number of patients 
with the atypical pathological diagnosis was not sufficient.

Figure 1. Flow chart showing the formation of the study group. 
VASB, vacuum-assisted stereotactic biopsy.

VASB results

BI-RADS n IDC DCIS ALH/ADH Benign

4A 59 6 2 51

4B 10 5 1 4

4C 9 9   

Table 1. Histologic results with VASB according to the BI-RADS 
categories

Figure 2. a–c. BI-RADS 4A microcalcifications (a) were de-
tected at the right breast of a 46-year-old woman. After VASB 
procedure with a 10-gauge needle, microcalcifications were re-
moved and air (b) is seen at the biopsy site. A radiopaque mark-
ing clip (c) is released, so that possible subsequent operations 
can be easily planned if required.
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ADH underestimation rates in the range of 0% to 88% have 
been reported for stereotactic biopsy techniques [13, 14]. There 
is one ADH case in our study, and we have few cases to make 
a reliable interpretation. In the literature, underestimate rates 
for cancer and DCIS vary between 10% and 30% [15, 16]. The 
underestimate rate in our patients diagnosed with DCIS was 
20% and was similar to the literature. 
Our study showed that VASB can be used as a first-line 
diagnostic approach for isolated BI-RADS 4 microcalcifications. 
Patients with benign VASB results can be followed up safely. In 
our study, VASB eliminated the necessity of surgical excision 
in 71.7% of cases with isolated BI-RADS 4 microcalcification.
Failure to detect sufficient calcification in specimen radiograms, 
failure to detect calcium crystals in histopathological analysis, 
radiological-histological incompatibility or their combination 
may be the causes of missed cancer cases. The false negative 
rate for malignancy was zero in our study. This may be due to 
the experience of our radiologists, confirmation of the presence 
of microcalcifications in all included sample radiograms, and 
radiological-histopathological teamwork [17]. The experience 
of the radiologist and ensuring the use of specimens containing 
micro calcification should be considered when establishing 
guidelines for the VASB procedure. 
Excisional biopsy may reduce the chance of sentinel lymph node 
sampling if the lesion is malignant. After VASB, the biopsy site 
is intact and preserves the opportunity for sentinel lymph node 
sampling when necessary. In lesions that can only be detected 
on mammography, VASB can replace NLSB. 
Acceptable false-negative rates of VASB have been reported 
by experienced radiologists [17]. Radiologists may experience 
difficulties during follow-up due to scarring and structural 
deterioration after surgical excision. VASB provides better 
cosmetic results compared to surgical procedures. VASB is a 
process with lower cost, less morbidity and takes a short time. 
In necessary cases, the radiopaque marking clip is also left, and 
the next operations can be easily planned if necessary.
The use of a lateral decubitus table for VASB has some 
advantages over prone table systems. Microcalcifications have 
a higher resolution and provide a high contrast image. It can be 
performed in the same unit as mammography. Easier access is 
provided for deep lesions close to the axilla.  
There were some limitations in our study. The number of 
patients with atypia pathology was low, and some patients did 
not accept the operation and wanted to be followed. We have 
a small number of patients and we think that larger series with 
long-term regular follow-up will contribute significantly to the 
literature. 
In conclusion, in our study, the need for surgical excision was 
eliminated in 71.7% of patients with isolated BI-RADS 4 
microcalcifications. According to the long-term results, the 
false negative rate was 0%. The average underestimation rate 
for DCIS patients was 20%. 
In the presence of experienced radiologists, VASB is a fast 
and effective method, does not cause major complications 
and it can be used as the first choice for isolated BI-RADS 4 
microcalcifications.
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